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© A method of identifying optical cables by send- 
ing optical signals to optical cables Ci , O2 via trans- 
mission means (device 11), applying an external 
signal via a signal application device (16) to a par- 
ticular optical cable C1 that is to be identified, and 
monitoring a change in the signal by reception de- 
tection means (device 11). Harmonic wave signals 
having a large frequency shift and a large level 
difference are compared in a relationship between 
the particular optical cable C1 to which the external 
signal is applied and the adjacent optical cable C 2 
neighboring to which the external signal is crosstal- 
king. The particular optical cable C1 is identified 
without developping any error. 
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BACKGROUND OF THE INVENTION 

[Field of Invention] 

This invention relates to a method of identifying 
a particular optical cable out of a number of similar 
optical cables on an installation site. 

[Prior Art] 

In modern telecommunication systems, optical 
cables are housed in ducts and conduits and laid 
along the route of installation. 

With the recent development of telecommuni- 
cation networks, a large number of different optical 
cables are often laid along a single route of installa- 
tion to produce a congested condition of cables. 
Works for branching and/or replacing the installed 
cables are frequently required. 

Fig. 4 of the accompanying drawings schemati- 
cally illustrates a typical telecommunication net- 
work comprising central stations 01, relay stations 
02 and terminal stations 03 interconnected by 
means of a large number of optical cables C, which 
are often ramified, looped and star-connected. 

Since many of these optical cables resemble to 
one another, skilled workers feel it difficult to single 
out a particular optical cable that needs to be 
branched or replaced out of a number of cables 
that have been laid in a same route of installation. 

In an attempt to remedy this problem, Laid- 
Open Japanese Patent Nos. 2-230105 and 1- 
230106 propose methods of identifying a particular 
optical cable by utilizing fluctuation of polarized 
light in a single mode optical fiber. 

Referring to Fig. 5, with these known methods, 
polarized light is transmitted through a single mode 
optical fiber of an optical cable C from a light 
source 1 of a light source station while an external 
signal (such as mechanical vibration) is applied to 
the optical cable C at a work site by means of a 
signal application device 2 so that any fluctuation in 
the level of polarized light caused by the external 
signal may be detected to identify the optical fiber 
by a photodetector 3 as the light is received by a 
light receiving device 4 at a detecting station. 

More specifically, while the operator of the light 
source station applies a given signal to each optical 
cable and the operator of the detecting station 
monitors the reception of the signal, the operator 
on the work site sequentially applies an external 
signal to the optical cables laid there on a one by 
one basis and, each time an external signal is 
applied to an optical cable, the operator at the work 
site and his colleague at the detecting station talk 
over through a radio communication channel, us- 
ing, for instance, a pair of transceiver sets, to make 
sure if the optical cable in question is detected or 



not. 

As the operation of sequentially applying an 
external signal to the optical cables laid in the work 
site proceeds on a one by one basis, the operator 

5 there will eventually come across the optica! cable 
in question to apply a signal to it and the operator 
monitoring the signals at the detecting station will 
detect the cable carrying a fluctuated signal. 

Then, the operator at the detecting station noti- 

70 fies his colleague at the work site that the cable to 
which an external signal is applied last time is the 
optical cable in question so that the latter can 
identify the optical cable. 

Now, the optical cable is identified and the 

75 operator on the work site can proceed to a pre- 
determined work to be conducted on the cable in 
question. 

Since the above described method of utilizing 
fluctuation of polarized light involves mechanical 
20 vibration which is applied to optical cables as an 
external signal, the applied external vibration can 
affect the optical cables laid in the vicinity of the 
source of vibration to give rise to a phenomenon of 
cross talk. 

25 In other words, the external signal applied to a 
particular optical cable can also be given to any of 
the optical cables laid in the vicinity and produce a 
condition where identification of cables is impos- 
sible or misidentification of cables occurs. 

30 Since the phenomenon of cross talk appears 
when cables are brought to contact with each oth- 
er, it may seem that such a phenomenon can be 
avoided when cables are laid in a manner that 
eliminates any possibility of mutual contact. 

35 However, laying optical cables under a con- 
dition where the possibility of mutual contact is 
completely eliminated is illogical and irrational from 
the view point of boosting high density cable in- 
stallation that has encouraged the development of 

40 optical cables. 

Besides, in view of the optical cables of exist- 
ing cable networks that stretch over hundreds of 
thousands kilometers, it is highly unrealistic to rear- 
range them under a non-contact condition. 

45 Consequently, it is impossible under the cur- 
rent condition of optical cable installation to totally 
eliminate the possibility of misidentification of ca- 
bles when the above described technique of utiliz- 
ing fluctuation of polarized light is used for iden- 

50 tification of particular cables. 

SUMMARY OF THE INVENTION 

In view of the above discussed technical prob- 
55 lem, it is therefore an object of the present inven- 
tion to provide a method of identifying a particular 
optical cable out of a number of similar optical 
cables on the installation site even when the cables 
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are under a mutual contact condition. 

According to the invention, the above object is 
achieved by providing a method of identifying a 
particular optical cable characterized in that it com- 
prises steps of connecting means for transmitting 
optical signals and means for receiving optical sig- 
nals to an end or respective opposite ends of a set 
of optical cables, a signal applying apparatus being 
provided at an intermediary point of the optical 
cables along the longitudinal direction, applying 
sequentially an external signal (mechanical vibra- 
tion) to the optical cables on one by one basis at 
the intermediary point thereof along the longitudinal 
direction by way of said signal applying apparatus 
when polarized light is transmitted by the means 
for transmitting optica! signals and received by the 
means for receiving optical signals through the 
optical cables and identifying a particular optical 
cable out of the set of optical cables subjected to 
an external signal by sensing and comparing the 
output levels of secondary and higher harmonics in 
the external signals transmitted though the optical 
cables including said particular cable and those 
surrounding it in terms of cross talk of the external 
signal. 

It should be noted that higher harmonics of an 
external signal applied to a particular optical cable 
hardly gives rise to the phenomenon of cross talk 
and superposition in the surrounding optical cables. 

If any cross talk and superposition of the high- 
er harmonics ever occur in the surrounding optical 
cables, the harmonics in those surrounding cables 
undergo an upward shift in the component fre- 
quencies. 

Thus, by sensing and comparing the output 
levels of higher harmonics in the external signals 
transmitted through given optical cables, the par- 
ticular optical cable to which an external signal is 
applied can be identified without fail. 

In utilizing the method of identifying a particular 
optical cable out of a number of optical cables 
according to the invention, both the means for 
transmitting optical signals and the means for re- 
ceiving optical signals may be connected to an end 
of the cables or, alternatively, to respective op- 
posite ends of the cables. 

When both the means for transmitting optica! 
signals and the means for receiving optical signals 
are connected to an end of a set of cables, an 
additional optical cable which is designed to feed 
back optical signals is connected to the other end 
of each cable. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic illustration of the method 
of identifying a particular optical cable according to 
the invention. 



Fig. 2 is a frequency spectrogram of a signal 
received by means for receiving optical signals by 
using the method of the present invention. 

Fig. 3 is an illustration obtained by magnifying 
5 the level of the higher harmonics of the spec- 
trogram of Fig. 2. 

Fig. 4 is a schematic illustration of an optical 
cable network. 

Fig. 5 is a schematic illustration of an optical 
to cable provided with apparatuses to be used for 
implementing the method of the present invention. 

BEST MODE OF CARRYING OUT THE INVEN- 
TION. 

75 

Now, the present invention will be described by 
referring to the accompanying drawings that illus- 
trate the best mode of carrying out the invention. 
Referring firstly to Fig. 1, C1 and C2 respec- 

20 tively denote optical cables, 11 is a 
transmitter/receiver set for transmitting and receiv- 
ing optical signals and 15, 15 are optical fibers 
designed to feed back optical signals while 16 
denotes a signal applying apparatus. 

25 Each of the optical cables C1 , C2 comprises a 
large number of optical fibers, including at least a 
single mode optical fiber to be used for signal 
transmission and a single mode optical fiber to be 
used for signal reception, which will be described 

30 later. 

The optical cables C1, C2 are laid along a 
single route and housed in a duct or conduit. They 
are disposed in contact with each other at points 
P1 and P2. 

35 The transmitter/receiver set 11 comprises a 
light source 12, a light receiving device 13, a 
photodetector 1 4 and other devices and is optically 
connected to an end of each of the optical cables 
C1,C2. 

40 More specifically, the light source 12 is con- 
nected to the transmission terminal of each of the 
single mode optical fibers disposed in the optical 
cables C1, C2 and the photodetector 14 is con- 
nected to the reception terminal of each of the 
45 single mode optical fibers while the light receiving 
device 13 and the photodetector 14 are connected 
with each other. 

The optical fibers 15 are also of a single mode 
type and connected to the respective single mode 
so optical fibers for signal transmission and those for 
signal reception at the respective other ends of the 
optical cables C1 , C2. 

The signal applying apparatus 16 typically 
comprises a piezoelectric element for generating 
55 ultrasonic vibration as mechanical vibration. 

Now, assume that the optical cable C1 is the 
cable to be identified and the signal applying ap- 
paratus 16 is fitted to the optical cable C1 at an 
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intermediary point along the longitudinal direction. 

The intermediary point of the optical cable C1 
where the signal applying apparatus 16 is fitted is a 
work site where the optical cable needs to be 
identified. 

Referring to Fig. 1, in an experiment, polarized 
light was transmitted from the light source 12 of the 
transmitter/receiver set 11 by way of the single 
mode optical fibers for signal transmission of the 
optical cables C1, C2, the optical fibers for signal 
feedback 15 and the photodetector 14 of the 
transmitter/receiver set 11 and received by the light 
receiving device 13, while mechanical vibration 
(340Hz) was applied to the optical cable C1 as an 
external signal at an intermediary point along the 
longitudinal direction in order to identify the optical 
cable C1. 

Fig. 2 shows a frequency spectrogram of the 
optical output signal of the photodetector 14 ob- 
tained in the experiment. 

In Fig. 2, S1 denotes the fundamental harmonic 
of the 340Hz signal applied to the optical cable C1 
to be identified, S2 is the higher harmonics of the 
signal detected in the optical cable C1 and S3 is 
the fundamental harmonic of the signal detected in 
the adjacent cable C2. 

As clearly seen from Fig. 2, the peak fre- 
quencies of the fundamental harmonics S1 and S2 
slightly differ from each other, the latter having a 
peak frequency higher than that of the former by 
approximately 10Hz. 

Fig. 3 shows the higher harmonics of Fig. 2 in 
an somewhat exaggerated manner. 

In Fig. 3, S2 denotes the higher harmonics of 
the optical cable C1 and S4 denotes those of the 
optical cable C2. 

As is apparent from Fig. 3, since the frequen- 
cies of the higher harmonics S4 of the optical cable 
C2 are higher than the corresponding respective 
higher harmonics S2 of the optical cable C1 as in 
the case of the fundamental waves by approxi- 
mately double of the frequency difference of the 
fundamental waves or approximately 20Hz. 

According to the present invention, the optical 
cable C1 is identified by comparing the levels of 
the higher harmonics S2, S4 of the two optical 
cables C1, C2. 

Note that the frequency difference of higher 
harmonics of a cross talk signal is greater than that 
of fundamental harmonics of the signal in different 
optical cables. 

Therefore, the particular optical cable C1 can 
be identified without fault if a narrow bandwidth 
filter is used to single out the peak level of the 
higher harmonics S2 and that of the higher har- 
monics S4. 

The transmitter/receiver set 11 to be used for 
the purpose of the present invention may be alter- 



natively replaced by a transmitter set comprising a 
light source 12 and a receiver set comprising a 
light receiving device 13 and a photodetector 14, 
the transmitter set and receiver set being arranged 

5 at the opposite ends of a set of optical cables. 

With such an arrangement, the operation of 
identifying a particular optical cable can be carried 
out by using a single mode optical fiber in each of 
the optical cables C1 , C2 and the optical fibers for 

w signal feedback 15 can be omitted. 

The operator at the work site where the signal 
applying apparatus 16 can communicate with his 
colleague at the station where the output signal is 
received through a radio communication channel, 

75 using, for instance, a pair of transceiver sets, to 
make sure if the optical cable in question is de- 
tected or not as in the case where a conventional 
method is utilized. 

20 [Field of Industrial Use] 

When the method of the invention of identifying 
a particular optical cable out of a number of similar 
optical cables on the installation site by applying 
25 an external signal to the optical cables on a one by 
one basis is used, since the difference in the 
frequencies and the levels of the higher harmonics 
generated by the external signal in the particular 
cable and the surrounding cables that are laid so 
30 close to said cable that the phenomenon of cross 
talk remarkably appears, the optical cable in ques- 
tion can be identified almost without fail. 

Therefore, the method of identifying a particu- 
lar optical cable according to the invention is effec- 
ts tive and advantageous when it is used to single out 
a particular optical cable out of a set of optical 
cables which are laid close to one another. 



40 



Claims 



1. A method of identifying a particular optical 
cable comprising steps of 

connecting means for transmitting optical 
signals and means for receiving optical signals 
45 to an end or respective opposite ends of a set 

of optical cables, a signal applying apparatus 
being provided at an intermediary point of the 
optical cables along the longitudinal direction, 
applying sequentially an external signal 
so (mechanical vibration) to the optical cables on 
one by one basis at the intermediary point 
thereof along the longitudinal direction by way 
of said signal applying apparatus when po- 
larized light is transmitted by the means for 
55 transmitting optical signals and received by the 

means for receiving optical signals through the 
optical cables and 

identifying a particular optical cable out of 
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the set of optical cables subjected to an exter- 
nal signal by sensing and comparing the out- 
put levels of secondary and higher harmonics 
in the external signals transmitted though the 
optical cables including said particular cable 5 
and those surrounding it in terms of cross talk 
of the external signal. 

2. A method of identifying a particular optical 
cable according to claim 1, wherein a 10 
transmitter/receiver set is optically connected 

to an end of the set of optical cables. 

3. A method of identifying a particular optical 
cable according to claim 1, wherein a transmit- 75 
ter set is optically connected to an end of the 

set of optical cables and a receiving set is 
connected to the other end of the set of optical 
cables. 

20 

4. A method of identifying a particular optical 
cable according to claim 1 , wherein the exter- 
nal signal is mechanical vibration. 
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